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tl'Vl lil~!l'el 

,:,1n~'w\r1c;iL~tlnLit1LLtlfltiL'WlYtJ;Yl~i:'l1~1,r11:'lj'l,1~1,tltln(]Yli1t1uJ,1ifi'WY11tJ uri::::~1iJiLLtJnLfti1Cil1mJ 

,:,1m'.h,nmr1'W 1'w ~1Lnti'lJ'Wt1~ ~.:iV11'Cil'Wr1W11nn~nn mAmnL~mfW-J'W1mrnfi(;lL'lli'H1 L~tJn1fim1::::1,1m~1,i:lh'W 

t1'W~flfi~1:::: ur,-11rumt111'lJlJ'W LLf,::::t~t1n1nni:'l(;l'i'Lfl,1~'¼1,1'lJt1'1~1, rn,~nmmnftJ'11'W'El7mrn11rwi'N 1 Lw:::: 1'W 
Q 'U ~ I 

mm,~il pH ffi1,1 7n'W-wu11 1'WmV11, ISP2 LU'WtJ1V11,~LLtlfllflL'WlJtJ;YIL"l1Cl.)1iJi~d'.l'Wl:'l1'W1,~aj LLf,:::: pH ,::::·wh1 pH 

7.5·8.0 LU'W'll'l--1 pH ~LLt1fltitwJt.1,iY1~'¼1,1~1rnt1n(]Y1i1iJi~~~"1 Ltii1um--11t1L'l1Lfl[il pH bJi'.Jt:,1f,ffltlnl'i'~'f1--1~1,n(;l1~ 

LLtlfli)i1ulJtJ;Yl~Llt.Jrn:iti1iJi1m,hX'W ,1~i--1V1~t?1 521tit'!IL~[il LLri::::1u~1'W1'Wtln 271t1L'lllfl[il~~1m,n~'f1--11:'l11'1ltln(]Yli 

tl'rnY--1,:,~'WYlj<tJ (~CilLU'W 51.2%) nl,LltJ--1LLtlfii)i'L'WJJtJ;Ylm~1rumrn~tin1iiLfl'i'1::::i,1~7Wl1'Wtl'W~flfiM:::: LLfl::::nl'i' . . -
.r t, i,, t, 

ti1Vl1'i'LfltJ'1L1iti 14.850 ~[,l'i' ,:,1n~1w1'WL;mLtifl~L'WlJ'tJ;Y1'ri'--1,~~"' 25 1ti L'llLfl(,1 

~1'Wn11Pimnn1,L"lffiJ'lJt1--1u~r,i' BS6-1 uri:::: BS6-2 \Y'W mdi.ltJ..iL'W YM ~.:iLU'Wt11V11,~1L1,:,t,J 1ii 

mmruL'!lriri"wimnn11 L~mlrMiJi1t.1mmrn.J~t1tJ mtJL1.JL1r11~LYi1n'W 
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irrnJ'1L'nf1ffl--l:::Ll1 vhitj1:::i1rj1;in1WJ!il~t!U (Jimenez, et al., 2009) 
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L'W'El1\~1J'~~ 1"11 pH (111'11flW Wlt1'1'1!M'lilU~Yi'foutT'1Lf'El MRSA LLri::: Candida albicans 
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n1TI7Ci1~ilrnUfrJ~'W rlirit(rifi Cross streak technique MJ"l"'i,11f71'.i'~•h1~1'.i'ililn~Y1fitJ1J!J,1i~m11tJ 

2 a lbfl::: b vJ-rmf1~1h..11llt1rn:fie c. vfa:nf1~(Jnii1Ci1lU'W:i'ulfl"n 7 rieii,.hw1,lt1m:fie 

~., j 
ln1:'.'.i'1lJ 1Ci1l'llt1J'1(RB-POR2-1) 

4 171Yi"l1n mt1~nflt1'1 Scanning Electron Microscope 'llil-1 Streptomyces A 1-3, A 3-3, 

Streptomyces CH54-5, PL3-3, PL3-7, NS3-10,NS4-3. NS4-6,, NS6-2, NS4-14, A16-1, 

A 1-3 llfl:'. A3-3 

5 n11l"ln\Jllfl:::mrnh-:i~1J'J''1fl1[J)() 1J'Wil1'"1Wll'WCi1()11~ 7(1SP2,ISP3, ISP4, ISP5, Starch Casein) 

B: uw Actinomycete Isolation Agar, c: 1J'W Starch Casein Agar, d: 1J'W ISP5 
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'lJ 'VI 'VI 1 'lJ 'VI 'U 1 

Ld'El..:ir.i1n LLU f'lYi L1tJ11..mrj~ Lb'El f'1 ML't.!,rtl:nY1rlmn~¥1..:i~1d 1u L 'El LL'El f'lYi'VJ L~ lil1 LU1fl'Yl~n A':11 mrn1 mm1 tl Yl tJ;J f),:j 

iJ f'111iJ~1 A Cl.J fl'El n1 Jflklm~1 JLL'Elkl~1u L'El Mn vi1'El~1dlil1 m'llilv11 viii 7~ LUmh::: Lt.J'lltJ"1'ElYn:i mrn YIYl tJLLfl::: Lfi~'ll1YI m 

'Eltl1-.'.lfl'ElL~'El-.'.l lilJ1U1li1~~U..:JYiU'J1nLimi'El Ldf'l~~'Eltl1 ~1.JU1'Wn bbfl9:::Y11~1t.l1'WiJln~'WUU LU'WLi'El..:i~~s1n f'111~~1A r]J 

m n~'W 1 'WVlfl1tl 7 d1 tl'11'WYIU'J1 Lf 'ElLLU riYi (h1 ri'El Ldf'l~ ~'El tl1 Lbtl'W~1u L 'El M mrun b ~ iJ m n~uro,1-:i 1 'W'lJ ru:::~'5 lil d1 n11 

fl'WYl1JVij''EJn1d~W-l'W1~1nL'El'WM11JL'ElMn~n1.h:::~Y1fiJl1Yltl''Wniufl!ilfl-l (Nathan, 2004: Nussbaum, et al., 2006) b 

~1vifo~1rn'Eln~Y1i~H1ro,1nndrn'l11~1.!'W~-l~~1f'1Cl.JA'El f1tl'W~9:::nmdlild19~tlU'll'W!i1'1J'El-l~Wl1L1J'W~1rn~iJ 

1 Vl'W rl1riN~11-:IY11-l Lf'ln'ElU1-l h LU'W'llDin 1 VllJVlj>'EJ hJt!u liltl-ln1J~1d~1Vlfu n1 dYl !il~'ElUL1JklilliJ1 ru~m nwe:i ~iJ f'l'".ld 

~-:i11f'El-:imnYi'Elii1vifon15'v'i11~~1rnJ~Y1iLJ'El..:ilifu ~11,1fun1d-w1m1Lf'ln:::V1Lf'lN~11-:1LLfl:::J1m1n1iJLfln'rl d1m~·-:1-w1 
' ' 

~1rn(;l fl:::'El-:i r11.h:::n'Elu~ LLtJn 1~ro,1n~1d~n invimumYJ v1~'Elu'l1 'El-:J r11.h:::nt1u 1in ~'El~1d~'El'El n~Yli LLfl:::'El'El n ~Ylinu 

'El:::hth-:i ~~'WY11'u vi1m'llr1i~:::L~-:1 ~1rnfir1:::t1-:ir11.h:::n'Elu~1~1il'El'1~1nY1'El~1vifom5'Ylin~'ElUn1J'El'eln~Y1iuf1'€'i:::'llilin 

L ti'El-191n 1 'WLLfl'i'l :::i'Wlil'Elklt!'Wfi"l:::nJ11.,nJnmr1~1J~Vl1tl 1u1 'W LLfl'rl:::"ll111'Wn1J'lJ'El-.'.l n1 d') Lf'l n:::1.,1 9-l lil'El'1n1 dL V1 f'1 L 'W fom 'W 

n1JLitl-:IL'll'rliL~'Eln1rn11-.'.l~1d'El'Eln~Yl'if1m~tfimnm1nYl'El~1VlfUn1d1Lf'ld1:::Vl1'WLL(i]'€'i:::'fi''Wlil'il'W 

di ' ..... .-::ii """' " L kl'il-:191 n L'llfl'rl LLU f'lYl bdtl~"ll'W1 !i1 L'rln 

'W'El tl lil1 ~"ll'W1 !i1 L'llfltl 

~ ~ ~ 

!a,' ' 0 ...., !'1' .. I ..,., I ' ...., 1 Qr.-:::,1 i-1 .:::,I ~ Q C, 

fl1'WLY11"ll'El-l'W1Vl'Wnb'lltl'rlb!iltl1Jd:::mruV11m:::r1in11 1 b'll'rl'rl Vl'Wn 1 µg 'WbLUf'1Ylbdt.Jtl191il'El-lL'rltJ-:IL'll'el r,..:i 20-25 ?iVi 

b~'El 1m~~1J~fl"1VltJ1U 1 nfiJ 1mf 'il1J1-l'll'W!i1 ~-:J1.J'Wn1Jfl'WVl11fi~9::: 1'1lb"llflitfimruiJ1nVl1'il l~'El
0

~t1\'ll'rlfl w~ F,?,1 ~ 

miJ1ruiJ1n9..:irJr111iJii1AC1.Jii1vifoi"Wlil'El'W~ 

~1vifom1uu~1?1LU'WJ11'Wnrj~ Ascomycetes vi1'El111-:i"llUv1'El~1unrjiJ Basidiomycetes 

'El1V11W1tlL'WL"llfl~ LL'rl:::'il..:JAUJ:::nt11J"lltl-.'.JL'llfltl~-l i1J-1 h.h~'W mv11'1J,T'W1il~~ lil'".l 1 lil1n'WUVl'rl1tl"ll'W!i1 
~ 

~ .::,j I 

'll ..:i iJ fl rum 

YIU'J1L'll'rltlUMltJ-.'.JUd:::n'ilu1u~'ltlf11flu1min)'Yl minDriri~~fl n~J..:i1'1JlT'W~t.l 7 ~..:J\!'W9..:JLVl~1:::~iJ~"l:::1-n~1vifodlw 

'il1vi1n~J~ LLr1:::1umniu-:iL'll'rl'iill~vl\J"W1ifLri-rnk\J LLr1:::~1mrnLiu..:i1~inu1Mlil~~u~t11r.ivi11~~1u L'l!'WmnJ11il1f< 

m1-uu~l?1Vlfl1tl'llU!i1ilmin1'1JlTu1il~iJlil'l~-l b'l!'W (Polyunsaturated fatty acids, 
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'W'tln"'nn~tJ'1YiU~1 EPA LL'rl::: DHA i'.luY11J1Yl1'Wn1'.i'A'lUfll-.Jn1'.i' 

llA'W~Ci11 Candida utilis 'Vl~'tl Saccharomyces sp. rn5'1iiu·M111.rn1v111'1Jti~A'W~-'W JJnH\~mJi,rnri-i L~J.Jn~'Wrn"ll'iH 

mv111 L'll'W 1·ifLthi1'W mmnh:::mYl'l!U 'V11-'1lmr.i1ifL1J'W'i'111'i'1nCil"nn8'i'1[.,IL'DY11'1J'Wl-.J1J'1 ~1'Wn1'.r1if8'i'1[.,IL'Wmv11'.r~twftl't.J 
' 

I I I i; 

,:::!I ..:::,I .:::,I cr' .o::i; ,.9 .::,I CJ"'.:::,l.::,I \.! (V .::,l.::,i \'j 1 0 1 'l.J O .<:::ii ,:=:I 1 V 

'VIJ'tll-.J1'.r'Wt.J'i'1[.,I 'l!'1L1J'Wt.J'i'1{.,IY1l-.Jnrn ,'lll-.J'WYll-.J polyunsaturated fatty acids ~-i LL~::: bl-.JY11 'VlflillJl1Yi1..!1VMJ (rnl-.J'fl1.,;n7f ,'J 

U'i'1 vl't11'JJ'Wl-.J1J'1) L~'tl 11.Xi [.,l')J1,r t.l'1l'il'WL r.i1ry Liiiu L[.,11~~ L ~'el L1J'W LL 'Vl~'1'JJ'El'1'tl1'Vl1 J~ n riru1.h::: Ltl'll1.JLL'r1 :::i'.l ri illfl1'el 1"11 '.1''6;:~ 

v]'1)~[.,l')Yl:::L'i'1~L1J'W\.11'1L'D'1l1\.11'.1'~1c;)Uv!'ilhJ LL'i'1:::L'll'WL~mn'Wn1'.1'1'DU'.i':::Lt.J'll1.JL~'tln1'i'dnv1-eMW~[.,]!J'i'1vlL~'el1m~L']j'i',iL1J'W 

mmrumn'1lU1'1L'Wt.l'1'\!i'el 

' ' 
'1'11'.i' LL'i'1:::~i;a..11-.11n1rn~lllL'll'rli'll'il'1U'i'1vlY1:::L'i'1 (marine yeasts) L~'1l'11'W'l9t.J LL'i'1:::L~'eln1'i'llln"l'i'1'elUflillA1'el1'vl1JLL'i'1::: 

W~[.,]L'J!'rli 1 'Wn15''l9t.Jdr.i:::~-i L\J'W~ 'i'115'LLffWiii1uttJ iiin~ L'LJ'W'i'11'i'iJ~ (pigment) "l1nLL'1lAiiiL'W~tJ;Y1~ LLt.Jn 1'1\'ro.1m~'el-1J1 

Yl:::L'rl LL'i'1:::/'v11'1l "l1n[.,l:::n'1l'W'll1t.J~'1Yl:::L'r1 Uj'L'JD.\'11,11Ylt.J [.,1'1J'Wn'r11'1 L~'el Hi.'Wn1'i''l LA5'1:::'Vl1AN'i'1¥1-1'i'11J' 1'Wn1'.rf\'W'v11 

'i'11nL'el'Wiii1ut'tliiin1'VliJ 7 (11-.1LANn1'i''l9tJ~ 3) ~mr.i1°DL1J'W'el'1"1U5':::n'tlu'vli1-i'll'el'1W~lll.nru'Vlt.l1 LL'i'1:::n11~nu-1 

'el-lflU'i':::n'elU'll'1Nm'Ciih~'WrntJ1'WL'll'r1i (1'WLA'i''1n1'i''l9t.J~ 4)) nm~-1n1rn~[.,]L'J!'i'1iU'i'1v1~1~"nnvi:::,'i'1Jj'1tJ1fin7nfim 

~-i (il'1J Lti'el-i L~'el'.l1'i'[.,l'i'1"l'i'1'1lu~ruri1'1l1mm'i'1:::'1l-1r1u1:::n'1lu~1-.1 1 L~'1l-111-.1Wr.J 1'WLi'el-1r.J~[.,]J1ru"11'61v11 nt1':w"l1-rN f. wI 

J11tJ'11'1l'W1'WLANn1'i'~ 4 LL'rl::'. 6 
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d 
'1.J'Vl'VI 2 'Vl'i.J'Vl'J'\Jb'elniil1'a 

,:lr.iiu'Wfl')1~1ilfr,m1'J H'tn LLtl'WMLUMntJ-:Jfl,:j L~~~tJL~tltl 7 i?l'J1U LY11~tJ-,1~ L~tlfltl L'i'fltJ,:j~;1A'Eltj1r.i~ ll'W nu 

L'i'1 LLri:::~'"ltJLVlfil~n7'i'Y1~tJ1n1m~1?1'Cl1rnt1'Wiii1utt1Mn9-:itl'-:iA-:i~m1~~1r1f1! LL~LL(;1'Cl1'i'LL'El'WMLUL'ElMmJ'i':::LJvr, ~­

lactam ~n1ifmi?1'-:iLLM'Cll1'mLmG~ L'll'W penicillins LLri::: cephalosporins ntl'-:iA-:Jlil'El-:Jn7'l'n1'i'Y1~'W1'Cl1tJY~\,,1~11X 

'Cl1~1rn'Cl11-:i'Cl1J'L~~1n~'W n11~ Penicillium chrysogenum 'Cl1~mrne-J~fl1'Cl1J' penicillin Hil.h:::inru 200 Lvi1 'JJ'El-1 

Penicillium notatum nmr.i1nn1nJfrnJN'Cl1tlY1'Wfi 1'W'Cli!ti Fleming ~L1~fi-w~11 penicillin Af-:JLLrn11-w L~'El . . 
Penicillium chrysogenum ~L'll11ifn'Cl11-l'Cl1'JL~1~mmrn Mt1mLrit1~mnffuui-:iLL~') P. chrysogenum ~H''Eltj1-w 

,:lr.iiu'W'Cl1mrn'Cl11-:i'Cl111~,-nnnrh P. chrysogenum 'lJ'El-:J Fleming ci-:i 1000 Lvi1 (Veerapagu et al. 2008) 

Vlrl1tl 7 ~1'WV11ni1n14'ti ,~,~~~'fl-:il.lljm n1J'~1n~Yl:::Lri mh-:i hn ~~U'l1 ~Vlrl1tlJ'1 t.M1'W~ n~1') ()-:J'Cl1'J 1u t 'El LL 'El f\Yl~ 

L~i?\1 LULriY11Vll.J 7 ~~1 f;161J~~UL~91nLL'ElflML'Wi!ti:iiY11'WYl:::Lri LLri:::~U'l11-wYl:::Lri11'W LL'El fl ML -wirti;Yl~ L1J'W'll'W~~-:i L~~ 

~aJn~rnJ'Eltl Hfari Rhodococcus, Streptomyces. Salinispora, Microphilus, Salinispora, Salinibacterium. 

Aeromicrobium marinum, Williamsia maris, LLri::: Verrucosispora (Bull et al .. 2005; Jensen et al. 2005a; 

Jensen et al., 2005b; Fiedier. et al .. 2005; Magarvey, et al., 2004 LLfl::: Stach et al .. 2004) LL!'1:::r.i1m1rn1'W 

'll'El-:J Gandhimathia et al.(2007) ~u111-wrn·i~1LLUflYJLfo~mri'ti'Eltj1r.i~1fo~'El'1J1 Callyspong,a dtffusa c:i,J viu 

11-:i 38.46% ~LU'W LL'Elfl~tmrti;Yl LLrl:::LL'Elfl~L'WlJtJ;Yl'lltl~~LU'W endophytic i!-w r.i:::d'.l'W'll'W~~'Cl11'1'Cl1rnmJMLU 

L'El Mntl'uJ-:in11Lr.i'°¾f1j'll'El-:JL~t1 rit1 LJ'fl 1 'Wfl'WL~~n11 LL'Elfl~tmfo:iiYlir.i 7 h.J t~m ilYn:::mh-:i~-:i Streptomyces spp 
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~mh::;1,111..:in11Y1~~!lU (Jimenez, et al., 2009) . 
Compound Probable biosynthetic route or Source organism Clinical 

compound type phase stat~s 

Bryostatin 1 Mixed PKS/NRPS Bugula neritina (bryozoan) Ill 

Halichondrin B PKS2 Lissodendoryx sp. (sponge) 

Discodermolide PKS2 Discodermia dissoluta (sponge) 

Hemiasterlin (HTl-286) NRPS1 Cymbastella sp. (sponge) 

Bengamide derivative Mixed PSK/NRPS Jaspis sp. (sponge) 

(LAF389) 

. 
Agelasphin derivative Glvcosphing Age/as mauritianus (sponge) 

(KRN-7000) olipid 

Laulimalide PKS2 Cacospongia mycofijiensis (sponge) preclinical 

Sa rcod ictyi n Terpene Sarcodicryon roseum (sponge) preclinical 

Peloruside A PKS2 Mycale hentscheli (sponge) preclinical 

Salicylhalimides A PKS2 Haliclona sp. (sponge) preclinical 

Thiocoraline NRPS1 Micromonospora marina (bacteria) preclinical 

NRPS= nonribosomal peptide synthase ; PKS =polyketide synthase 
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LU'W~~-:im1wh~~m~'fl1.h:mru 30 U~LL~'°l 1~A'ilr.Jmmin..i1r.iLL'ilA~LWJtJ:nYl~YiU1'W'.i':U1.JUL1f'IYl1'1 

Y1:Li1n'W Ld'il-1r.i1niJA11~isiwh Y1:LflL~tl1r.i:Lu-wuV1'1:'i-1~r.i:v.u1ili' 1.h:mru'li1-1 2 Ylf'l'°l'.i''.i''tl'~e.h-wm nt1i1:LTitJ171iii'1kl 

B'WL d'il-:imr.i1 n fl ru~~u~ ili'1-wA11~~1mrn 1-wmrn¥1-11'11 '.i'tJU J-:ir.i~-wY11'ti'ui1:1'11rn'il n ~Yli~-w 7~1 'JiY11-1 m '.i' LL v. Yl tf ~L171 

Lr;)'W LL1?1'flt.h-1hnm~ntl'-1L1J'W~C1mnmn-wrh mrnv.im:91rJLLi1:lmWll1~'lJ'il'1LLtiA~L'W~rJ;Yl1m:uuwrn'l'111'11/1:1i1 

J-w LLYi~r.i1-:i LL~'°lLL'ilA~twfo;YJ LU'WLLUAYJ L1-u~m~umJ~-.i L~~1-wYJ:Li1 V11'1lrJ1 LU'WL v1u-.i LLU AYJ L1't1~ rin'l!:mr.i1 nuklu n - . 

u1L 1CW'l!1r.J 6-:im ru1 L'll r;")~ LU'WY1'1l'1Yl: bi1 LU'WU j'L 1 ru'.i':UUWL'°l f'I~ Lzj'il ~ 171'1) nu ~-wJ1 '.i''°l~i--1 L zjtl~ 171tl nu 

LL -w1u1'll1 tJ Li1'W9'1 LU'W~nu1'L 1ruV1ct-:i~sJn19 uilu~ A'Wm LL'il A ML 'W~ tJ;Yl'l!'W"1 L '\,nJ 7 ~ ii fl ru~ m1~1-wm '.i'~ ¥1--11'11'.i"il'fl n ~Ylfl 

;1mv.1,11-1 7 Lti'fl-:ir.i1nm'.i'A'Wm~1rn'fln~YlfiY11-:i;1mv.V11'1l~1'.i'l.Jlj;1-w:r.i1n U'ilAML'W~rJ;Yl~ LLum1n ~-wi111.J ~nr.i: 

YiU~1'.i''ll'W171~LArJYi1JLL~1LU'W~'°l'Wmn LLi1:r.i1m1tJ-:J1'W'll'il'1 Kelman LLi1:Aru: (Kelman et al., 2005) v.urJ1 UMML'W 

~ u;YJ 1-w~-:i LL 1171~'ila-JYl1-:JYl:Lflilm'.i'~¥1-:i~1'.i''il'fln~YlfiY11-:i=il1mv.~il A11 ~Vli11 nVlfl1tJm nnrJ1~v.ur.i1 n,jh 1 ru LL V1~-.1iw 

vi'-:i'll'-wsln19r.J~'°l'WLVI '1}9'1 ~'il'1Vl1Uj'L1ru'.i':UU'WL1 "'1Yl1'1Yl :Lfl~'W 7 ~'W'il m Vl'W'il91 nLLVl~-1 L~ ~ 7u-wu n L 'll'W'l!1r.J 6-:iYJ: Li1 

Vl1'1lL'WYl:Lfl~-:iil~-w~ti-:i 31-w 4 'll'fl-l~'W~Li1mtl-wLLV1~-1A'WV11LL'ilA~L'W~tJ;Yl'll'W1711mJ 7 LLi1:A'WV11rn1'.i'1mJ 7r.i1nLLtiA&i 

L'W~r.J;YILV1'1:'i1tl (Das.et al., 2008;1smet, et al., 2004; Jensen, et al., 1991; Solanki, et al., 2008) LC'1J-.1r.i1nlw 

LL'ilA~L'W~rJ;Yll'1i\~fl1nVli11rJ'l!'W171L'll'Wfl'W (Weyland, 1986; Maldonado, et al., 2005; Bull, et al., 2005; Bredholt, et 

al. 2007;Anzai, et al., 2008; Solano, et al, 2009; Hong, et al., 2009; Prieto-Davo, et al, 2013) LritJvuvn:~ 

l'l1m'.i'mv.1:LitJ-11iX L91C1.JU'W91'WLYi1:L~'fl 1ili'~mizj1-w -nu Afl11'1 Actinobacteridae L'1lr.J vuvn:mh-.iri-.1 LL'El A~'[ 'WlJtJ;nY'Vl 

(Kumar et ei.. 

2011, Zotchev, 2012) 

1-w-.11-w19utl 1'1lilmnnu 1111mh-:i L~~ L~iJr.i1n~-wr;i:nt1-wr.i1m:uuih1 "'1u1'l11u Li1kl ~-:i Lth..iu1L1ru~ L ~'fl~l7i'tl 

17UYl:Li1 LLfl:J1Y1:LflYl'°l~'1'1 iJJ1~'WLLfl:J1i1-l'l'Wfl: 2 Af-1 '.i''°l~J-:ir.i1n~'fltjnu~t1-:JJ1Y1:li1 f\'!U~LiJnumnf 1,oJ.-J't,l1n1'.i' 

~~r;iL'llfl~L~'ilLttt'11LL'flfl~L'W~tJ;Yl~mmv1u-:iv;t11,1t1-:i1-w19u 1-wtANn1'.i'~ 3 LLidANm'.i'~ 4 'llt1-:iu~-w-11-wr:ifu ~1'W~1'1~ 

1iJi'1ifu~~~LLr.Jn"'l1nJ1Yl:Lfl'll1tJci-:i~iJ'flzjLL~1 91n~t1-:iiJ5u~n1'.i'1fl=il11Ylt.J1 

n1'.i'~ntnn1'.i'Liu-:i1-wuh.nrumn 
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3.1 n1'iiWn,ef'ilLLfl!:n1'i'YIPl~'i11Jf}'Ylif~1rn'il'IJ~L1JL'ilmnr.11n,'lffliLL'ilJol~L'IJ'4r.Jt.i'Yl#1ffl~1nrJ'iJ,nf1ufl::!i-i?'il 

~1n/Pl::n'il'IJ'Yl!:Lfl (v1'J'il!h-JrJ'iJ,nf1 Lffl'i1nn1'iLn1Jv1'J'i!V1-3~1nL!eJ'IJLM-3n1'i) 

3.1.1 LLtlmiflr.i1n'l'J'il-:iJ1Y1:::Lfl LLri:::/~5'fl {11::;n'il'W"Jl1u6-:i LIP1UL'D selective medium 3 "ll'W"1 Actinomycete lsolatior 

Agar(Difco), ISP2 ( International Streptomyces Project 2) LLfl::: Starch Casein Agar LLum('il1~u1~YlifLL~'l'W1~1 

Yl"1~fl'LI(lYl'ifuu6-:ii~'WYl1-u (Methicillin Resistant Staphylococcus aureus(Hospital strains), Candida albicans 

TISTR 5239) fl'il'W1.J1mLiu-:i1~L"'l1t1)LLfl:::~¥1-:i~tl'elfu'W"'ll'WLYn:::L~'il 1-ummJ ISP 2 (~iltl1Y1:::Lfl 50%) U~'YI 

'iJCWWJii 30 ° C LU'WL'lfl1 4-7 ')'W 

3.1.2 {111'f'J"'l~'il'Uf'lf'J1~~1mrn1'Wm1'~¥1-:i~11 LL'il'W/ii1ut'il/iinuuJ-:i MRSA uri:::/ ~1-'il Candida albicans !i\'1t1 

'Jfi Cross streak ~ .x ""' fV~ 1 "" 1 ' .::Ii- i,, J L"1mritJ-:iL'll'il LL'il~ {11 t-w~t1'llY1Y1n 'il L'll LfllilYI LLUn !ii1m.Jl'N'U'W91'W'il1m1' JSP2 vi "11-w1"1 "11'W'\-1'W-:J'JJ-eM 
' 

"'ll'W LL~'lUW('il1~L91t1) ~'eJCW~JJ:i'.i 30 ° C LU'WL'lfl1 5-7 1'W LL~'"l'W1L~'tlYli?l~'il'U ( Bacillus subtilis, MRSA 21. 

MRSA22 LLri::: Ca{'dfda albicans) ~Lit1-:i1~L"'l1t1)1-wmmn~ri1 mr.i 18-24 'll~ ~ilm1~i-w ~L'Ylt1u1!iinuinrn:::f.1tJ 

McFarland ~mmf<'JJ 0.5 m Strek ~!i11'W'JJ'l1il'il 1~~-:i1!ii1nnnrnL'W'ln7nr.i1ru'JJ'il-:JL;'el LL~1uw;'ill7l'El1ti~eru'\-1r:i1 
Q./ q 'II 

I I I t,, I 

L~~;n 24 irit~-:i LYl'tllild19"1 Clear zone Y!Lfl"1;'W (Yi'.11-.'.l''l1nLL'W'ln7n-ai1n.:·ut~1,'tl~~l-wi.Tt;r1) 
~ ~ 

acillus subtilis 

Candida albicans 

mv;Yi 1 
., ' ,, 

n71'YIIP1~'il'ULUfl-:J~'W ~'lU'lfi Cross streak technique (111'f'J9mn1rn¥1-:i~1rn'iln9Y1°fluuu-:i 
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3.1.3 lilJ'l"l~~m,-ru:;iu:h-:ivi1-.i~rw!1'W1Yltn'll'il-:IL:fi'il ~1tJL'J!flU'ilf L~'tllil1'l"l':J~nt1-ru::iu11-:1Li'il LL'i',:;u'1ufot1-1 

Li'ilH L"1m11LL'ilf11iiL'W:WtJ;YlYln1'ilL'llL'i',lil~LLtJn1(i(m Lim1i\Lr-i1-ruu'W91'WLY11::Li'il ~ 30 ° c L'U'WL'l'i',1 4-7 'l'W LL~'l ' ~ 

LL'i',:;n~'il-.li'i',Yli1v'l'I.IB L'i', Alilrn'W (Scanning Electron 

Microscope) 

3.1.4 1imLL'ilA~L'W:WtJ;Yl~~h.:i~1rn'iln~viif l'1-11'il~~1-.1~11NA'llil~ 1(i(mn L'W'il1'1-1Wll'W"1lil1-.l 7 n'WLY1'il~nt1-1Ari1J-J 

mm:;~l-J'll'il-.l'il1'\-1111'Wn1JL"lT'1.J '\,lj''iJLitJ-.i L~'il 11.\e.J~lil~Wtl'iln~Ylif '\,lj''i)~111-.lf'l'llil~ 1m(i(J-J1n:n''W L"1mim1'W'il1'\-111 

i--l'l-ll-J"1 7 'Jl'W"1~'il 'il1'\-111 Glucose -Yeast Extract, ISP2, ISP3 (Oat meal agar), ISP4 (Inorganic Salt Starch), 

ISP5 (Glycerol-Asparagine), ISP? (Tyrosine Agar) LL'i',:; ISP8 

3.1.5 Lir.mt'il'llil"1~~'W1r.i~~~1-:i~1rn'iln~viif /'\-lj''ilfl~1-.1~11NA'llil~ 1(i(mn mLim1'Wmm11'\-l'i','l~i~u11 

m~.n:;11a.i~~"1 (ISP2) L"1mliil-J'11Y1:;L'i', 25-30% th..J1'WIX Shaker~ 30 ° C LL'i',::L'llr.h ~ 11 o rpm LU'WL'l'i',1 7-1 o ,fo ' ~ 

LL~'lLfltJL'l!fl~(il'ltJ'lfi~'Wm~tJ-.l ~1-:J(il'ltJ Nornal saline f1'il'W'W1L'l!flflLU freeze dry L~'il lil1'l"l'lLAn::tf'Jl'W"1m"11'll:w'W1'W 

bf!Nn11~ 4 

.::!II - If"' 0 <V t,, 

ONA LYi'il'lLA11::m-11fl1"1tJLU~ "1'ltJ Test 

Kit(!11Ae.J'W'ln 

'vllJ11'.Jll-HiJ: Starch Casein Agar 1.h:::n'ilu'1hu Soluble Starch 10.0 g, Casein 1.0 g, K
2
HPO, 0.5 g, Agar 15.0 g ll~::: Trace salt 

solution 1 ml "1'il'i11'vl1'i' 1 ~lil'i' 

. ' 
ISP2 i.Jr:::n'il1Ji;)'lf.l Yeast Extract 4.0 g, Malt Extract 10.0 g Glucose 4.0 g u1n~u 1000 ml LL~::: Agar 15.g 

ISP3 i.Jr:::n'i11Ji;)'lt1 'U7'll'!llil 20 g, Trace salt solution 1 ml( FeSO,7 H,O 0.1 g, MnCl
2 

4H,0 0.1 g, Zr.SO, 7 H,0 0: g) . ' 

Agar 15 g u1n~u 1000 ml 

ISP4 tJr:::n'illJi;)'lf.l Soluble starch 10 g, f<,HPO, 1 g, MgSO, 1g, NaCl 1 g, (NHJ,SO, 2 g, CaCO3 2 g,trace salt solution 1 . ' 
ml, Agar 20 g, u1miu 1000 ml 

ISP5 i.Jr:::n'!lutli'1u Glycerol 10 g, L-Asparagine 1 g, K2HPO4 1 g, Trace salt solution 1 ml (mihu ISP3) Agar 15 g,J1 

niu 1000 ml pH 7.0-7.4 

ISP7 (Tyrosine agar), L-Asparagine 1 g, L-Tyrosine 0.5 g, K,HPO, 0.5 g, MgSO, 0.5 g, NaCl 0.5 g, Trace salt solution . ' 
1 ml, Agar 20 g, Ulniu 1000 ml 

ISP8 i.Jr:::n'!lu'1i''lu Beef extract 3 g, Peptone 5 g, KNO
3 

1 g, Agar 15-20 g J1niu 1000 ml, pH 7.0 

3.2 ;~~ L"1tJ1if uM1 BS 6-1 LL~:; BS 6-2 ~Lmn1~r.i1nY1:;L~ m'Vl"1~'ilumnr.i1(1d1'Wm'l-l11~-.1Lm1:;1-fo~:::mm1 

n11J-J'll1~ (mn'll1'W'5'iltl) L"1mitJ-:iLL~:::~-.imlilmm1(1d1'Wmm1 YM LL~::mn'll1'W'5'iltl 



.. 

.cl ........ 
'I.J'Vl'VI 4 eJ'in1i'J~!l 

r.nnn11~1~LfllJ[;l')flfh1L~flLLtlmimLflAtilL'WdJtinvH~:J-JLtil:J-J L~flL'D~1VlfoLANn1'l'ri4't1~ 3 LLf'l::::Lm-.lm~ 

4 "JJfl-.1Ll.tl'Wn7fl4't1~Ln1::::nu m1::::i-.1'Wfln LLf'l::::u1'll1mf'l'W L'W~1Lflfl"JJ'Wfl:J-J roi'-.1vii111'WA'l'f"ITIJ'i'nin'II 1~t:.Jf'l&r-.1cl' 

1 . 1~vhmnmmfm,flriiiiL'WdJt1-nY1r.i1nvJfl-.1l11Y1::::,m,f'l::::r.i1n1J1::::nfltJU1'll1mf'ltJ'll1t1ff-.1'!lfl-.l fl. 'll'Wfl:J-J 4'-.1vi1'111 

8 

'Wmf"lnnm1'l! 'ir;imnuw~Ml11r.i1mm::::11u 23 r;i'1fltl1-.1 ,m::::1'-.i'Wfln 16 1?1':lfltl1-.1 LLf'l::::r.i1nu1'll1mf'l'W fl . "JJ'Wfl:J-J 7 

i?l':lflU1-.1 :J-J1LLt1m.f'iltJ'W'tl1'1!11'l' 3 'llU(;)Afl ISP2, SCA LLf'l:::: Actinomycete Isolation Agar ~u LLflAfiiL~t1-llY1r.i1n 

'v'Jfl-.1l11m1::::'i'1ll 2 LflL'llLf'll}l "l1nLn1::::'J-.l'W'iln~u 2 LflL'llLf'llJI LLf'l::::U1'll1tlLf'l'W~rnL'ilAML~tl-ll'Vl 52 LflL'llLf'll}l r.i1mf'Wvh 

c. 



.. 
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Lif'tl LL'tlr1~LWJJ'EJ'!1Yl'V)nL'fl L'l!Lfl[i]~Y'jlJ 'V)n'l!U"1 r'll-JvY,Hif'fln r.i:;w1mY1"1fl'fl1Jn11'fl'fln~Y1iuutr,:nif'fl,~WViru L'JlW MRSA, 

B. subtilis, C. albicans Jhumnffu,1Lif'flLL'flr1~twJJ'EJ'!lY1LiiLr.irry~1JW'fl1mr ISP2 LUWL'lfl1 5-7 iw ~ 30° C ri'flwmr 

Y1"1fl'fl1Jin'lEJ'IB cross streak technique 1ii~fHil.-:J[i]1r1-:J~ 2 

• • 
• • 

• 
• ••• •• 

.J -~ V q .J' •'' q V ~ ... .J' 
fl1Y'jYJ 3 LL'flr1lJ1 bWi..lEJ'l!Y11J'W"l1WLY'j1:;L'IVil "l1nu1'l!1EJLfl'UWr1rP!ilrmr1'll Ln1::'l.-:JW'fln LLfl::Lm::r1u L"1 L'll'flr1 

(RB-POR2-1) 

[,]1T1.-:J~ 2 LL'flri~tw~u;Y1~L~LLEJrnifm~i..1L~l-l"l1m'.h'll1mflw 1u4'.-:iv1ic,iwmPirnrmr1'll LLfl::~Y1i;'lt11Y'jurnf.-:iiftwY1ru~ 

~•h.-:i1~ 
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(/) 
Antibiosis to 

a., (/) 2 a., 
ro ro 

['.? Q_ a., .r: E Q_ C (diameter of zone, cm) ro Q_ U) c <t:: a, g .r: ~ Q_ >, .D C 0 ~ (!) >, .r: 0 ::::, ro -
ro .r: (!) Q_ (J) .r: cii Q_ 

0 ro e (J) 
0 (.) 3: ro V) 

~ -~ U) 0 ~ ai O> ] N 
C: 

0 N (tJ 
.D 0 0 u ::::, N -~ <t:: ::::, 0 Q_ (J) .Q 

0 (J) <t:: <t:: .Q (J) u ::, (J) U) cu u V) er er Identified 
cri 2 2 c 

NS1-1 - - - -

NS1-2 + + C RO 1.5 0.5 - -

N~1-3 -

NS1-4 + + G 0 2.6 2.2 2.2 1.5 

NS1-5 + + w Bn 1.2 - - -

NS1-6 + + G 8n - - -

NS1-7 - - -

NS1-8 - - - -

NS1-9 + + G y 2.0 - - -

NS2-1 - - - -

NS2-2 + + w Bn - 05 0.3 

NS2-3 + + G Bn 0.5 0.3 -

NS2-4 - - - -

NS2-5 + + G Bn 0.5 0.5 0.5 -

NS3-1 + + w DY s Gal 2.0 - 2.0 - Streptomyces 

NS3-2 + + w y s Gal 22 - 1.6 - Streptomyces 

NS3-3 + + w YBn s - 3.0 - - 0.5 Streptomyces 

NS3-4 -

' ! ' NS3-5 BkBn Yon ! ' 2.2 + + - ! 

~ 

I Mesa-

NS3-6 OAP Gal - - I 
I 
! 

NS3-7 + + G YBn - - - 0.2 

' 
NS3-8 + + w p - - 2.0 -

NS3-9 + + w C 1.5 - - -

NS3-10 + + w PY Gal, Ara - - 2.2 -

NS3-11 - - - -

NS3-12 - - - -

NS4-1 + + Bn LY - - - 2.8 



! :\;sc+--+ 

'.l' 
rn 

C 

G 

C 

C 
n 

C 

C 

m 
.c 
0 

2: 
C 
Q_ 

(.,) 

< 
0 

co s '10 
G' <: <£ 

rv l2::'. 
QJ 2 2 

11 

(_) 

Icent1f:ec 

Streptorny :::es 

l---------+---+----+----~----+-----+------+-------t-----+-----+----+----+---------~ 
! 
j ,,JS4-5 

i i i 

i ~,J S4-6 I 2.0 r 5 0 0.2 Srreptom,,ces 

I NS4-7 
I 

! 
I + VVG i y 

! !,):::,4-8 i I I \---------l---+----+------+----+-----+-----+---------t----+-----t---+----t---------~. 

NS49 j I I 
tJS4 1C 

I 
+ w i i 3.5 2.0 

I 

I\1S4 11 ! 
~1S4 12 

I I 
----+-----+------- ____ !_ ----+·-------+------- ---+---t----

1 ----t-2 5 - 2.5 + 1.0 

NS4-13 I 

-----l---+----+------+----+-----+-----+---------1-~-----~----+i'_ -----+----+-----------

1 I , ,~ I , 

I 
I 
I 

! 
~------~---------j-! -- r-·:_·~-·- 1 I 

GBn ) / I 
r,1s;-~---- ~-~ - ----t- ---- I 7 -_Ji - -

+ + 

G 8'1 n I, 1.0 Srreptom1•ces 

---f-------1----+-----+-----+----+-----~t-~--~--r-- ,----]--+---+-------------; 

'-'·_J~_,::-_· •_?_, __ __,! ___ +_, ---+j ___ ,-.·_,\_i ----+---P_r_,-_-__ __i __ P_._,-__ • ----+'-----+-i ___ ----~ -~-- ~~j----+:-------,---+--S_tr_-e_r:-_1t_o_n_1;,_··c_e_s __ _ 

i ~ __ / __ -_•---+--------- ~n __ J.= _L ___ J__c-;a_i_ __ j 3_7-_J 2.G L_ 

iJS5-5 ! -----~i--- -----~ -- --

I !<S:>7 r--- __ _J_ ---- :--- --- '----

1 ~,JS6-'1 I A 

---,--~.L--~1---t----+---------- ! 
1 r ·J 

s G.3 Stre,otomvces 

NS7-1 i 
i 

NS7-2 
I : i 

l·!S7-3 
I 

i 
C ! 5 IJ.5 S~reptomyces i I ~ I 

I -I 
I 
i i 

I i I I 
I i 

NS7-5 i I - I ! 

I 
Meso- I 

wri- I 
POP.06-'1 - + 0->Bk I single OAP I 4,ra, X:yl Micromonospora 
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3. ~~n11t,1nr.i~~nttrw~itJ11..:ivn..:i-Kru31"WriY1tn'JJ'El-.:n-!'1lLL'Elfl~Ww~t.1'1iY1 ~..:it,1nr.i~mt.11~n~'1l..:i,~Ylnf"l-w (light 

microscope) 1mn''1l..:i~'W LL~~Lt,11m..Jvl'"l'1lth..:i L"1mim1iXLr.i1'(l)tJ'W'-l1'W'1l1t-111 ISP2 ~ 30 ° C LU'WL'"l~1 5-7 'J'Wfl'el'W fi x 

~'"lt.l gluteraldehide LU'WL'"l~1 1 ~'W('1-1'1l~'"lt.1'1ltj~'1~~'1l~m~'1l1J.J1iXQnLL~-.l) LL~'"ldehydrate tl1'1l'1ln~'"lmfon'1l~'1l~ 

LU'1lfL'D'Wl?li;l1--l 1 (30%, 50%, 70%, 85%, 95% LL~~ absolute ethanol) v'h1iXLLiX..:i~'"lt.1rifi freeze dry t-i~'el CPD fl'el'W 

Lf1~'1ltJ~'"lt.1Yl'1l-.l LL~'"lt,1nr.i~~'"lt.1n~'1l-.l Scanning electron microscope 

NS3-7 
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NS 5-3 NS6-2 

A 16-1 A1-3 

A3-3 CH54-5 

' 
m~Vl 4 m~r.nn mu1~n~'1l..:J Scanning Electron Microscope 'JJ'1l..:J Streptomyces A 1-3, A 3-3 (V1e-i11.m11 

LVltitl'"l'W1L~nri1tl~tJ('1(rimL~..:J UV LL~'l), Streptomyces CH54-5, PL3-3, PL3-7, NS3-10,NS4-3, NS4-6,, NS6-2, 

NS4-14, A 16-1, A 1-3 LLri:; A3-3 

.. 



.. 

4. r.Jt1'llll-.'.ln1J'~rni1m1l-lmm::~l-l'll'1l-.'.ltlltnd'llijriwh-.:i 7 r;i'1lmnroi1q,i I ~1mr11[71~ 'll'1l-.'.ILL'1lri~'l'W~tJ;Yl 'li,itJ 

r1i,ib~'tlnroi1nbb'1lf1~L'W~t1;Y1~iJ'1l[7]J'1n1J'b"'lTrrn~'l.JL[71ln~bAtl-.'.ln'Wl-l1btt1-.:il'Wll1'\.nr Glucose-Yeast, ISP2, ISP3 

(Oat meal agar), ISP4 (Inorganic Salt Starch), ISP5 (Glycerol-Asparagine), ISP? (Tyrosine Agar) bbt1:: 

1... ~ ..i 
ISPS f?1r.J~f?1,wnr1-.:i'Yl 3 

14 

Isolate ID Glucose-Yeast ISP2 ISP3 ISP4 ISP5 ISP? ISPS 

extract (Oatmeal) (Tyrosine) 

A16-1 +++ P/P ++++ P/R ++ W/W ++ CW/C ++C/P ++W/P ++++ G/PBn 

CH54-8 ++ CW/LY ++++Bn/BnY +++ WP/WP + CIC ++ CIC +++ BnR/BnR ++ WILY 

I 

NS2-2 ++++ LBn/Bn ++++W/BnY ++++ Gn/LBn ++I- CIC +++Bn/Bn ++++ Bn/DBn ++++Bn D ring/ same 

--

NS2-3 ++++ W/BnY +++ WILY +++ LG/LG + CIC ++ W/LG +++ GI LG ++ W/W 

NS2-5 ++++ W/BnY ++++ GBn/BnY +++ CBn/CBn + CIC ++W/LG +++ W/ LG +++ W/W 

NS3-1 ++++LY/LY +++ Cl LBnY +C (no aerial) NA ++WC/WC +++ CY/CY ++++ I_Y/LY 

NS3-2 ++++ W/BnY ++++ W/WY + C (no aerial) NA ++WC +++ CY/CY ++++ WL Y/L Y 

NS4-2 +++ LBn/Bn +++ Bn/ BnY ++ Bn/.Bn + CIC + CIC +++ BnP/BnP +++ Bn/Bn 

--

NS4-4 NA ++++ Bn/BnY NA NA NA NA NA 

NS4-6 ++++ LBn/ LBnY NA + CIC +C +++ CLBn +++ PBn/PBn +++ Bn/Bn 

i 
~ 

NS5-1 ++ r+YLbn/same + CIC +++ wee +C +C NA ++++ LBn 'LBn I 
I 

• -~ 

NS5-3 +++ W/Y +W/C ++W/W NA +WtW +,W1W ,,+, WI~ i' 
I 
i 

NS5-4 NA ++++ W/LBn NA NA NA NA NA I 

I 
NS6-2 ++++ W/Y +++ WC/C +++ C no aerial NA +++ C +++ LY ++++ CLBn 

NS7-3 ++++W/Y ++++W/Y +++w/C NA +++ C +++LY/LY ++++LY/LY 

NS3-10 ++++ W/BnY ++++W/WY +++WC NA ++ W/WC NA ++,+ LBn/LBn 

NS4-14 +++C +++C NA NA NA NA ++++ W->LY/L Y 

WN-POR-06-1 ++ Bn no aerial ++++ OBk +++ BnY NA ++ LBn +++ OLBn ++++ O->Bk 



Bk=black, Bn= brown, C= cream, CY= cream yellow, G= gray, LG= light gray, LBn= light brown, 

W= white, WC= whitish cream,LBn= light brown, O=orange, P=pink, Y=yellow, NA= not applicable 

' 
m~vi 5 n1nr.ir'l)LLf'l:::mrf'l'h-.1f'l1rNl"l'l(;]fj 1J'W'fl1vl1rllilv1"11-.1 7(ISP2,ISP3, ISP4, ISPS, Starch Casein)'lltl-.1 

LL'tll"lui'f w>fU'DVl A 1-3 LLf'l::: A3-3 

a 

' 
m~vi 6 mnr.ir'l) bbf'l:::mrn'f1-.1f'l1r'.Nl"l'l(;]fj 1J'W'tl1mr!lilv1"11-.1 7'll'tl'1 bL'tll"l~L'Wil'U'DVl A 16-1, a U'W ISP2, b U'W 

Actinomycete Isolation Agar, c uw Starch Casein Agar, d uw ISPS 

If' I tr ii 

~'f1-.1f'l1T'tl'tln~V1fi/ r-.11"\'lr;Jf! vi~ mV1v1~'tl1J~V1fiuuu-.1-,~wV1rtl" MRSA 21, MRSA 22, MRSA 39 LLf'l::: c. 
' ' ,:::,I ~ 1,, CV .::it 

albicans V1 pH 7, pH 7.5, pH 8.0 bLf'l::: pH 9.0 bvl&-lf'lvl'1(;]1'i'1'1Vl 4 
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r • 

()71'.rh'l~ 4 t:,,Jf1ffl'i'~mnrrnl'l~,'1~,rn11m1Y1irrur1'1·1~u,fJ,'i'lJr11LL11r1i?i'\:u.J'tJ:j\Yl'yj~~1'1\'l,'J'tJ11n~Y1i~~ 1umim~~ vh pH r,i, 1 7n ~ L1?1tlY11?1MJU~v1i£YutY'11:5n MRSA LLff:: 

Candida albicans 

··------·----------- --- --- ---

Isolate MRSA21 MRSA22 MRSA 39 C. albicans 
. ·• ----,---------- -~ --- --- --·-· - --~----

pH 7 pH7.5 pH8.0 pH9.0 pH 7 pH? 5 pH80 pH90 pH 7 pH7.5 pH8.0 pH9.0 pH 7 pH7.5 pH8.0 pl i 11 I) 

---··- -------- ·- ··-- -·--
NS 5-3 1.1 1.5 1.6 1.3 1.6 1.8 2.0 1.7 12 2.0 2.0 1.6 0 0 0 

i 
--- --·-·- --~ -~-

A16-1 1.0 1.2 0.6 1.0 11) 0.9 0.4 0.8 1.2 1.2 0.3 0.3 0 • 0 0 

I 

---- -- ---- ---- I 

1.1 1.3 1.4 0.8 1.0 1.5 1.4 0.5 1.2 1.5 1.35 0.95 0 ! 0 0 ,; 

NS 1-4 i 
---- -·-- ... -

0 0 0 0 (l (I 0 0 (I 0 0 0 0 0 0 ,, 

NS 2-3 ---·----·--···-- . ----- -·--- ·-· --- --- ··----- ... - -- --- -------·- - -- - --- ------ --- -- - --
2.3 2.6 3.0 2.4 2.8 275 2.8 2.25 3.9 2.95 3.4 2.95 1.2 0 0 'J 

NS 4-6 
-···------

1.15 2.0 2.0 1.85 1.2 2.3 2.3 2.05 1.6 1.7 1.6 12 0 (I 0 i, 

NS 6-2 
-

1 (I 1.2 1.6 1.6 1.1 1.4 1.8 1.8 1.4 1.7 1.8 2.0 0.4 1.2 07 (J '.' 

NS 4-1 

H~ L1?1tli1?1"l1rn':::t1:::·u11'1 clear zone LU'WL'D'W()l1Ll-J()l'J' 

- ? 

I-' 
(J') 
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J .Ji ' I J <V d~ d 
6. L~tNL'!ltlD7:1-.J'lll.JUl1I 'i~-:ir,h:i11Xnu'i:f'1Nn11 Y1 3 LL~:;Yl 4 L'Yl'D!'lnv1~11Y1"1'i."l'tlUI)Ylfi'll'JJ11'Yl'D1! 7(,mtioxid3n\) LLfl'.'.'. 

1 LA~::tf mvi biJu (m11-1~ 5) 

1ti'El1inm1m ISP2 Vl1'El Glucose yeast extract LUt!L'J'l'l1 10-14 f'W ~ 30 '1l-.'.lf11L'JIM;ti?\ L'llt.J1L;!'1lL~'1l11XmmA~ 

110 rpm L11UL'll'l'li li1'Jtl1fi centrifuge LLf.JnL'll'l'li LL'l'l:;'i<l'Jt!'Jl'tl-.'.l'tl1Vl1nit.1--1L~'1l'tl'1ln"nnnti L~'tl1LflJ1:;\ftfimrumA 

biJu LL-cl:; ?\1dlL'tltl~'tl'1ln=Bu~tl'Ylbvlti'i<l'1L'LltlL'Jl'l'liLUtln ~-:i1~LLf1LL'tlfl~btliJtJ;Yllrl'rl1u~ (lil1J1-.'.l~ 5) 

Isolate ID Fatty acid Antioxidant analysis Crude extract(g wet 

analysis wt/ medium (ml) 

LL'tlfl~LtitiiJtJ;YI "'nn9tiYl'Lld 

CH 54-5 Cell Cell and medium 88.74/2,250 

CH54-8 Cell and medium 75.55/1,500 

LL'tlfl~LtitiiJtJ;YI "nn'll'i'l'l.l1 

C15-1 Cell Cell and medium 35.30/700 

A 16-1 Cell Cell and medium 18,56/1,000 

LL'rlfl~Ltltl~t.1;Y1 roi1n tifl1A1'rmm1'll 

PL 1-2 Cell Cell and medium 14.22/500 

PL2-2 Cell Cell and medium 73.15/500 

i 
PL2-3 Cell Cell and medium 5.56/500 

PL2-5 Cell Cell and medium 12.33/250 

PL3-6 Cell Cell and medium 17.91/250 

PL3_7 Cell Cell and medium NA/250 

PL3-10 Cell Cell and medium 14,28/400 

PL4-2 Cell Cell and medium 12.78/250 

PL4-4 Cell Cell and medium 5.44/250 

PL4-6 Cell Cell and medium 67.5/2,250 

PL4-10 Cell Cell and medium 7.57/250 

PL4-14 Cell Cell and medium 41.64/1,000 

PL5-1 (Glucose-Yeast extract) Cell Cell and medium 29.51/250 

PL5-3 Cell Cell and medium 6.54/250 
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Isolate ID Fatty ac id Antioxidant analysis Crude extract(g wet 

ana lysis wtJ rr. edium (ml) 

PL6-1 Cell Cell and medium 1.95/250 

PL6-2 Cell Cell and medium 33.2/250 

PL7-3 Cell Cell and medium 16.19/250 

PL7-4 Cell Cell and medium 35.8/1,000 

LL'tl r1 ~t 'WlJ'ti;Ylvi LLtl nr.n nvJ'tl-:iJ1 

WN-POR -2-1 ACT Cell Cell and medium 27.82/250 

WN-POR-06-1 SCA Cell Cell and medium 142.19/1,250 

RB-POR-02-1 Cell Cell and medium 49.53/1,250 

A~L~'flnU~lil ~1t1i'Wf BS6-1 LL~:: BS6-2 ~-:JLLt1nlv1r.i1n·1nt16,m::L~ (u1-:1LL~'W) LU'W '1i''WLLUU1'Wmn1ii 

~mi1n1nit1-:iL'll~~1~t1'W1mLit1-:i1'Wm'vl1f~LLi;Jni;h-:in'W t~mim~-:i1'Wmmf Synthetic (Yeast Mail Extract 

Medium, YM) LL~::'tl1vl1ffifrn'll1~ ~-:i1'Wf::ti::L1ii'1i'W~~'1lmn'll1'W'i1'1ltl zj-:JLU'W'1~'1)Lvl~'1l~-:i 

Jl1YIYJ 7 J11YIUM1 BS6-2 mt11'1f m\'El-:i 

Inverted Microscope L'll~ii'.l~n~rw:;n~ii/ nJhi 
~ 

r.i1nn1f~n~n1nr.i1'tl.J'll'fl-:JL~'tl BS 6-21'Wm'vl1fLiti-:iL~'fl YM t~t1~~mim1nr.i1tl,JL~uti;i'll'fl-:JL:a'1l LU Wrn1 

120 i'l t>-J-:i LL~::1'~ilimruJ1m~1th-n ilimruLL'tl~n!l!'.l!liil'u~1'W'l'WL'll~i Y1T'1l>-J~-:i~~m>-JmrnJ~t1'WLLu~-:i'll'1l-:iri1 

f1'l1>-JLth.im~vh-:i 1v1C-J~~-:JLL~~-:i1'WJ11Y1~ 8 



25 

2 

25 1 
;i 
'2 

2•) ; 

'.5 cg 

.d A .i. 1 .);/J. 
Jl1Y'l'Vl 8 n1H9j'(\j'lJt1.:JL'M.l BS 6-2 'Wt11\-11j'L'i'H.l.:JL'lltl YM 
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91nmj'1'r;i1.J'hnrutl1ffl1'i'l1~r;i-n r1urj1 tfhnrutl1m'i'l1~':l'DL1l--J'i'lli)'i'l.:J~.:i LLr;iir;i Ll--l.:J~ 24 L'Li'W~'W h.h~t1j'::t.1::L':lff1 

mnimL~l--J~'W Lli)t.i'(lli)'(l,:j~,:j~~r;ii':lLl--J.:J~ 120 :i'.lmmrutl1ffl1'i'l1~':l'DLY1117U 2.536±0.02 n'Cl~nfor;it1i'l'i'l~~[f\j' L'W'll':l-:J . . 
J t ,..._ , !:', ..J,..,. o ,..:::, C: .X o , ~ X ~ J 

j':;t.1:; L ':l'Cl1Yl'W1 ff\1'(lj'li)')'Jl'(l li)'(l.:J'W'WL'LJ'Wj'::t.1::L ':l'Cl1Yll--J91'W':l'WL 'll 'Clfl L rn L Y1 l--J'll'W Lr;) il91'W':l'W L 'll'Cl'Cl L Y1 l--J'll'W L rn c.11 Ll--ltl j':;t.l ::L ') 'Cl1 

L'Wmnit.1-:iL~l--l~'W ~.:iL~l--lf'W~.:i~r;iir;i'll--l.:i~ 120 'lr;iu:i'.l~1'W':l'WL'll'i'liLvl1nu 2.025x10
7 

L'll'i'lir;i'ili'l'i'l~~fflj' 

~11,1fofi1 r1r;i1m u"Wmr;i (?11.:J L1l--l'i'l r;i'i'l.:i ~.:i LLfiiir;i Ll--l.:J~ 24 LL'i'l::~.:i'i'l r;i'i'l-:i L~'ilj'::t.1::L':l'i'l11 "Wn1nic.1.:i L~l--l~'W 'lr;iu fi1 

r1r;i1mu"Wmr;i(?11.:i'i'lr;i'i'l-:i~1~r;iir;i Ll--l.:J~ 96-120 ~-:i:i'.lfi1r1r;i1l--JLU'Wmr;ivh-:i~ 5 ?i1"WmmruLLt1'i'lnmmJ\J'W r1u11:i'.lmmrn 
' 

~ A ~ 1 .);/ ~ ,., 1 'i' A A A 'i' 
91nn1j'Y'ln~1n1n9j'C\J'll'il.:JL'll'il BS 6-2 'W'!11'v11H'i'lt.l,'L'll'iln1n'll1'W'ilt1t.1 'W SM30 ,r;it.1ffl(;lfi11l--Jn1j'L9j''l)Ll"i1U ,ff\ 

'lltl.:JL~'elL'Li'WL':l'Cl1 120 ir;i Ll--J.:J LL'i'l::Yl1n1j'')li)illl--J1tutl1ffl1'i'l1~':l'n mmDJLL'el'i'lnmrni i!U91'W':l'WL'll'Cl~ Y1~'ell--JJ,:Ji)ili)fi11l--J 

n1mJ~t.1'WLL1fo-:i'l1t1-:iri1r1r;i1mu"Wmr;ivh-:i 1~r.J'i'l[;1.:JLL~li1.:i1'WmY1~ 9 

11R1 cit-,w,i 
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91 nm 1'5' ~1.fhn rutl11'11tl1~1-n YHJ':l11.fhnrutl11'11tl1~h'Dtl ~fr~ L~fl J'::tJ::: L 1ri11 'Wm nttJ -:i L ~ :w~'W t~ tJm:w1 ru 

J11'11ti1~h'D tl ~tl'1 '1'1'1Mi1 L:W-:J~ 72 ~-:iililim rutl1 m tl5'~1"llLYl 1 nu 1 .343±0.01 i'Jri~n f:w li]fl}j tl~~1'1 J rifl'W9:: L1:w . ' 

L ~:w~'W 1 'W 1:::tJ::: L 1 ri1 i,\f} m 1~ tJ 1:::t1 :::L 1 ri1~ilim rutl11'11 ri1ti1-n ri ~ri-:i ~1 ~ ~J'WL U'W 1:::tJ::: L 1 ri1 L~ m n-w nu91-w1-w L 'll ri i~ 

L~:W~'W'1'1'1'1'1~ ~-:JL~l.J~-w?i-:i 6.35 x10
6 

i'Jri~nf:wi,\fli'Jtl~~i?11 'l--li-:iro,1nJ-w91-w1m'lltl~L~l.Jti~tl-:J L~'tl1::t1::L1ri11-wmn~tJ-:i . ' 

~1'l--lfu fl1 r111:w Lu-wm~ ~1-:i L1':wri~ri-:i i-:i ui,\i11:w-:i~ 24 LLri:::~-:iri~ri-:iL~m:::t1:::L1ri11-wn1ntt1-:i L~:w~-w t~tJ ri1 

r111:wLu-wm~11h-:iri~ri-:i~1'1'1~i'1'l:w-:i~ 48-120 ~-:iiJA1m1:wLu-wm~1111-:i~ 4 ~1'Wilimruu'tlrinm1fl~'JJ'tl-:JL~fl BS 6-21'W 
' 

3. mnro,'kk)'JJfl-:iLffl BS 6-2 1-wmm1Lit1-:iL~'1ln1n"ll1'W~flt11-w SM30 ~Y11n1rn1fl-:irifl'W'W1LihLri1fl-:iv1~flct-:ir111:w11fo 

i1'1t'Wmi 

91nn11~mnn1JL91(\j'llfl-:JL~'1l BS 6-2 1'W'tl1v11JLttJ-:JL~'1ln1n'll1'W~fltJ1'W SM30 ~'Yl1n1rnJ'fl-:JLfl1n1n'll1'W 

~flt.l'1l'tlnrifl'W'W1 L'n1 Lri1'1l-:J'\.-1~'1ln-:im1:wr;i''Wt11'1 L'Wmi L~t.l~~1'11l.Jn1JL91(\j L~UL~'JJ'el-:J Lf '11 LU'WL1tl1 120 i'1 t:w-:i LLti:::'Yl1 n1 J 

,r ~ili:w1rutl11'11ri1~1-n ili:w1ruLL'1lrm'1l l!fl'if ,Ju91-w1-wL 1ri'lf Yi~fl:wi-:i ~ ~ 1711 :w m mJ~ tl'W ui.Jri-:i'JJ'1l-:J fl1 r111 :w d'.l-wm~ vi1-:i 

1'1fr-Jti"1'1 LL'1'1~-:JL'WJl1Yi~ 10 

2.5 

0 

0 24 48 72 

na1 ri1b,l 

96 

30 .; 

"' 
25 J 

~ 

Jl1Yi~ 10 n1JL91(\j'lJ'tl'1Lt'fl BS 6-2 L'W'fl1'Vl1J'LimL~'fln1n'll1'W~'fltJL'W SM30 ~'Yl1n1rn1'fl-:Jri'fl'W'W1L'n1Lfl1'1l-:Jv1~'tln-:i 

r111:wr;i'-wi1?1'l-w:w~ 
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LYl1!7U 2.486±0.09 il"1~nf~i;i'i)fo~~~i,id ri'il'W~9:::Li~'i11tl"1--11'Wi':lLJ..l-.l~ 72 ~-.1i'.lmmruJ1fi11"11~':l'll'i11tl'i1-.1~1~1tlr,-.i 

1.434±0.03 i"l"1~nfiii;i'ili"l"1~~filt LU'Wt:::t1:::L':l'i11L~mn'W~91'W':l'WL'lll'1~L~ilt'W~-.l~i?l Li?lt1~91'W':l'WL'lll'1iLYi1nu 2.4 x10
7 

L'lll'1ii;i'ilill'1~~fild t-l~-.191m!'W91'W':l'WL'll"1~f1'ilt17 M11'1-.1Lri'ilt:::t1:::L':l"111'Wn1HtmL~iJ:n''W 

ii1t-1fo fi1rn1ii LU'Wm1?1 ~1-.1 C~i1111?111-.1 ;-.i LLi;iir;i 'tii-.i~ 24 LL11:::~-.111 r111-.1Lri'ilt:::t1:::L r;i11111.Jn1ntr.M L ~iit'W Li?lt1 fi1 

A':l1iJLU'Wmr1~1-.111r1"1-.1~1~viir;i'(ii-.1~ 120 ~-.1~fi1Ar;i1mu1.Jmr1~1-.1~ 5 ~'"l'Wmi11ruLL'il"1nm1'il~'JJ'il-.1Lt'il BS 6-2 1u 

'el1t-11ntu,at'iln1n'l!1'W'a'ilt1L'W SM30 ~vhmtm'il--lri'il'W'W1 L-ii1 LA1'il--lt-l~'il~-.l A':l1il ~'W'el fi1 L'W~M 1!1.JbJvrnmii1 ru 

LL'1ll'1n'Ele'.l'1l~;-.llli;li'"lLil--lLLmn-.iir;itii-.i~ 120 

' '.I ~ .Jt .Ji ... ~.., - .. ' V 'i' .Ji ... 
91nA'11iJLLfilnl,]1'1'1J'il'1'il-.lflut:::n'1lu b'W'il1\.11fll'1t1'1L'll'il~e.J\'11\.ln1H9f'1J'JJ'il-.1L'lll'1"1LLl,lnlil1-.ln'W 11?1m'l!'il BS 6-2 ~ 

91'W':l'WL'lll'1~"1'1~"11?1i'l 'tii-.i~ 72 ~--1 Lu'W1:::t1:::L':l'i11 L~mn1.Jnu~illmruJ1 i,i1111~ri·fa rifM ~1 LL"1::: Lri'El1:::t1:::Lri1111 'Wm t 
~ ' 

Ltt1-.1L~ii-n'1.Jri1M1i1Lu1.Jmr1~1-.1Liii"1ri"1-1 roi1nn1ntr.rnt'il Lri'ElA11J 120 ir;i 'tii-:i~u':l191'W':l'WL'lll'11'1L'W'el1t-11tLtu-.:nt'El 

n1n'l!1'W'a'Elt11 'W SM 30 ~'l'i1 n1 mrn-.i n1 n'l!1'W'a'El t1'El'1:l n ri'El'W'W1 L-ii1 LA1'El-:it-1 ~'El~-:i A':l1 ii ~'W'tl i,i t 'W~M1 if 911.J'l'WL 'll "1 i~-.i ~ l?l 

'tvimt'il BS 6-2 ~91'W'l'WL'll"1'if 2.06 x 10
6 

L'll"1ii;i'Eli'.1"1~~1,11 roi1nn1t1LAn:::1--1Y11-1"1ciM ~u,j1mmnttrn~'Eln1n'Jl1'W 

., ., ., 

-a'Elt1Y1..:i 2 ~lilrn~:::'il1mn~t1-1L:fl'El YM ~91'W':l'WL'll~'ifLLlilni;i1-.1n'W'ilU1-.1ih!t1~1ri't1J (p < 0.05) 
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~1'l-1f1Jn1ntrN L:a'il LL'il A~twi.fo;wsnn~ LL rm 1~mJ ~tl1'l!1t1 L~W9-.i'l-1i"1WA'.i'fl1u1rnn'l! 'l-11--il~ LLtJn 1~ri'El'W 

m'.hn n1ntt1-.'.ll'W'El1'\-11'.i' ISP2 9::;~,Hn"11clfrhL:a'ElLL'ElA~tmrt1;YlL'-l1n.J1fi~mrnuwihw1m11 LL~:::LL'EJA~L'Wlfo;Yl~'i:1¥1-:i 

?-.l A1"1CJ 1~ n'i:11m'.i'ri'i:1¥1-.11~~mnnr.i11wmnim clfrit1mm1'l!i!"1~'W 7 LL'ElA ~tmfo;Yl~'i:1¥1-.:iN'l A1 "1 'l 1ff trw l'irim . .nn 

NA1i,iCJ~'i:111-.lll'i:11l-J1'.i''1'El'ilnt7Y1t°tJ1Jtl'-.l'°j~'WY11t11~fi'ltJ L'll'W l'W A 1-3, A3-3, A 16-1 LU'W~'W mmntt1-.1L:amu'W1J998 

wd--1~~1An.J~"l:::'1111'\X LL'il A ~twirt1;Yl L91'n.J~ LL~:::'i:111-.:i'i:11'.i"tl'ilnt7Y1'B1~mn 

ihwmnim1'W'il1'l-11'.i'~iJ pH vi1--1 7nwtrw YllJ'l1LL'ilA~twrr1;Y1?hwmmL~'J'i:111--1'i:11rn'ilnt7Y1t°1~wvin 7 

"11 pH L'J'WLLlil"l:::'i:1¥1-.:iHfann 'l-11mJ'iltJ ~"11 pH l'W!l1'\-11'.i' 7.5-8.0 LL'ilA~twrt1;Yl~'l'Wl'l-1(1J~1.J1mYl"1'i:1!llJ1J°W'i:11l-m'1 

'i:1~1-.l'i:11'.i'tJlJtl'-.l'°j~'WY11'tJYl"1'i:1'ilU (MRSA 21, MRSA 22, MRA39 LL~::: C. a/bicans) 1l-iLLl,lnlil1-.lf1'W L'DW Actinomycetes 

NS5-3, NS1-4, NS4-6 NS 6-2 LU'W~1,.J u~:::~ ri1 pH 'i:1--1:J..J1n;w ?:::'l-1r.i1 pH 8.0- pH 9.0 ntY--1iJ1J1--1'ilL'llL~"1'i:111-.i'i:111 
~ 

'il'Elnt7Y1'B1~lJLLl,lnvi1--1n1,.J L'l11,.J LL'ilA~tw1JtJ;Y1 NS 6-2, NS4-1 ~'l'W~ pH 1wmm11lJr.i1"l:::LU1,.JLvi11"1L1,.,l'll'l-.i pH 7.0-pH 

9.0 1lJiJr..J~vi'Eln1'.i'~¥1--1'i:11nvi11"1'iln 1~uri1'ilL'llL~"1 NS4-6 u~:; NS6-2 ~-.ln1'.i'Yl"1'i:1'EllJf11 pH l'W'il1'l-11'.i'dYl"11'1'illJ91n 

LL!lAlnL'WlTtJ;Ylr~-.'.l'\-1:J..J"1 7 1'ilL'JIL~"1 

91n~LLt1m:a'ElLL'ilA~tw1JtJ;Y11~'l-1lJ ~tl1'l!1m'rl'W9--l'l-1i"1'WA'.i'f'11u1rnn'l! nl-JJ-.:i'l-1l-J"1 521'il L'llL~1,11J°w L~'il 
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16S rDNA sequence 

A16-1 

CGTCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGATGAAGCCCTTCG 

GGGTGGATTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGAC 

AAGCCCTGGAAACGGGGTCT AA T ACCGGA T ACTGACCA TCTTGGGCA TCCTTGA TGGTGG 

AAAGCTCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTAGTTGGTGAGGT AA TGGCT 

CACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGAC 

ACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTG 

ATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGA 

AGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGC 

GGT AA T ACGT AGGGCGCGAGCGTTGTCCGGAA TT A TTGGGCGT AAAGAGCTCGT AGGCGG 

CTTGTCGCGTCGGTTGTGAAAGCCCGGGGCTT AACCCCGGGTCTGCAGTCGAT ACGGGCA 

GGCT AGAGTTCGGT AGGGGAGATCGGAA TTCCTGGTGT AGCGGTGAAA TGCGCAGAT A TC 

AGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCGATACTGACGCTGAGGAGCGAAA 

GCGTGGGGAGCGAACAGGA TT AGA T ACCCTGGT AGTCCACGCCGT AAACGGTGGGCACT A 

GGTGTGGGCAACATTCCACGTTGTCCGTGCCGCAGCTAACGCATTAAGTGCCCCGCCTGG 

GG-AGT ACGGCCGCAAGGCT AAAACTCAAAGGAA TTGACGGGGGCCCGCACAAGCGGCGG 

AGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGCTTGACATACACCGGA 

AACGTCCAGAGATGGGCGCCCCCTTGTGGTCGGTGTACAGGTGGTGCATGGCTGTCGTCA 

GCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCCGTGTTG 

CCAGCAGGCCCTTGTGGTGCTGGGGACTCACGGGAGACCGCCGGGGTCAACTCGGAGGAA 

GGTGGGGGACGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCACACGTGCTACAA 

26 



TGGCCGGTACAATGAGCTGCGATACCGCGAGGTGGAGCGAATCTCAMMGCCGGTCTCA 

GTTCGGAATTGGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGA 

TCAGCATTGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGA 

AAAGTCGGTAACACCCGAAAGCCGGTGGCCCAACCCCTTGTGGGAAAGGAGCTGTCGAAA 

GTGGGACTGGCGATTGGACA 

27 
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Abstract l~1J1J11..m1nh:::·ii:w~'inn1n:::c01u1-.~u,'TI1ii\ 10th International Marine Biotechnology Conference, 

Brisbane, Queensland, Australia. 11-15 November, 2013 

Anti-MRSA and antioxidant activities of actinomycetes isolated 
from marine sponges [Poster] 

Srivibool, Rattanaporn*1, Rawiwan Watanadilok1 and Subuntith Nimrat2 

1 Institute of Marine Science, Burapha University, Chonburi 20131 Thailand. 

2 Department of Microbiology, Faculty of Science, Burapha University, Chonburi 20131 Thailand. 

rattanap@buu.ac.th 

Sixteen samples of marine sponges were collected at Wangnok island, Nakhon Sithamarat Province, to isolate for 
actinomycetes. Isolation media were ISP2 (International Streptomyces Project 2), actinomycete isolation agar and 
starch casein agar. Each sample of sponge was ground with normal saline before the fine suspension was inoculated 
and spread onto the medium plates, triplicately. The plates were incubated at 30° C for 4 weeks observation. Two 
isolates of actinomycetes, Micromonospora POR 02(MP02) and Micromonospora POR 06 (MP06) were found from 
Chalinidia sp. and Dysidea sp., respectively. Both isolates were found to be antimicrobial producing strains against 
methicillin reistant Staphylococcus aureus (MRSA)and Bacillus subti/is. Crude extract products WP.re prepared from 
both cells and cultured medium of MP02 and MP 06. Interestingly, by disc diffusion assay, all of 23 hospital strains of 
tested MRSA were inhibited by methanol crude extract from cells of MP 06 which showing a small difference of 
inhibition distance zone to that of vancomycin (45 µg/disc) . The MIC50 of (medium) MP02 and (cell) MP06 crude 
extracts to MRSA SP83 showed the same range, 64-128 µg/ml, while MIC50 of (cell) MP02 crude extract ranging from 
128-256 µg/ml. Antioxidant activity was assessed on the basis of scavenging effect on stable 1, 1-Diphenyl-2-Picryl 
Hydrazyl (DPPH) free radicals. We found that the crude ethyl acetate extract from growth medium of MP06, but not 
MP02, showed good antioxidant activity compared to that of ascorbic acid. Although not many actinomycetes were 
found from sponges, but the recovered isolates were rather promising to study further some other bioactive 
metabolites. 
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Anti-1\lRSA Activity of Streptomyces Al6-1 An Isolate From Coastal Soil. 
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Abstract 

Methrcillin-resistant Staphykx:occus aureus. MRSA. rs any stram uf Srapln1ococcus a11re11s that has Jevelc)pcd resistance 

to beta-lactam antibiotics, which mdude the penicillins (methrcillin, dicl,1x3cillin, nafcillin, ,,xacillin, etc.) and the 

cephalosporins. It is also called mult1drug-resistant Staphylococcu, aureus and oxacillin-rcsrstant Staphylococcus auretLs 

(ORSA) and difficult to be treated in several infections 111 humans. Strcptomyces A 16- I. an antim1crob1al producing 

strain, isolated from coastal soil was cultured on ISP2 (international Strcrtomyccs Pwject 2) medium for 3 days before 

anti-MRSA activity was investigated by cross streak method. Tiurty strnms of MRSA isolated frnm pus, sputum and 

hemolymp of patients were test organisms. The result showed that all the MRSA tested strains were inh1b1ted by 

Strcptomyces Al6-l, except MRSA SP83. Ethyl acetate crude product of St, ,·ptonm.:es A 16-1 separated by TLC and 

bioautography assay revealed that the strain produces many active compound against MRSA SP22. Partial purification 

of the crude product was carried on by silica gel column chromatography and 2 I fractions were colle{;ted. After 

concentrated. ant1-MRSA activity of each fraction was detected by broautograpgy as,ay. It was revealed that 6 

comrxments or fraction 6, 5 components of fractions 7-9 and 2 components or rract!l,ns I 0-12, and fractrnn 5 were 

active components against MRSA P45. All the results showed that Streptomyccs Al6-l produced many active 

compounds against vanous strains of MRSA isolated from patients. By 16S rRNA gene sc4ucncc analysis and by 

morphological studies, Streptomyces Al 6-1 was 98.96 I'% s1m1lar t() Streptomi·c·es spi11overrucosus. 

KEYWORDS: Antt-MRSA, Actinomycetes, Streptomyccs, MRSA 
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Introduction 

Staphylococci are amongst the most hardy of the nonspore forming bactena and can survive significant adverse 

environmental conditions. They can be easily cultured from dessicated clinical matenal, even after several months. are 

relatively heat-resistant and can tolerate high salt concentrations. S aurem is one of the most prevalent of this genus and 

has been a recognized pathogen in humans for centuries (Wad Vogel ,2000). 

MRSA 1s any strain of Staphylococcus a11re11s that has developed resistance to , which 

include the penicillins (methicillin, dicloxacillin, nafcillrn. oxacillin, etc.) and the cephalosporins. Strains unable to resist 

these antibiotics are classified as methicillin-sensitive Staphrlococrns a11reus, or MSSA. The development of such 

resistance does not cause the organism to be more intrinsically virulent than strains of S. aureus that have no anl!biotic 

resistance, but resistance makes MRSA infection more difficult to treat wllh standard types of antibiotics and thus more 

dangerous. 

Generally, reservoir of S. aureus in human body is the anterior nares, although other sites such as the groin, 

axillae and perinea] area have been described as well. Approximately 20% to 40% of the adult population may be 

colonized at any given time, depending on a number of local and epidemiological factors. On an individual basis, about 

30% of the adult population will be chronic earners, 50% will be intermittent carri~rs and another 20% do not seem to 

become colonized. If the mucous membranes or the skin barrier are breached from trauma or surgical intervention, S 

a11reus may enter the soft tissues and establish an invasive infection. This background make us understand why S ar1re11s 

continues to be a major human pathogen that infects both healthy hosts rn the community as well as compromised hosts 

in the hospital (Payne, et al., 1996; Sanford, et al., 1994). 

The emergence of MRSA in Canada is a phenomenon in last 2 decades, raising considerable concern because 

this type of S. aureus would cause infections difficult to treat in the outpatient (Conly, et al.,2003). In Thailand, the 

National Antinucrobial Resistance Surveillance Thailand (NARST) rwh-r:im, studied an ,wcrv1cw of the 

antim1crobial susceptibility patterns of important Gram-posillve bactcna from betwcen2000 and 2005 as well as the 

cl1111cal 1mpl1cat10ns. It was found a constant occurrence o!" meth1cillin-res1stant S. aurcus (MRSA) was noted during this 

period (Mootsikapun et al.,2009). NARST rep..1:-:cJ :,½at MRSA ::,~::tributes s1gruficantly to either healthc3rc-associated 

or hospital a:::quired infections in Thailand. Further more, MRSA is alsc., assouated with community-acquired mfect1ons 

in western countries. The data ofNARST surveillance 111d1cated that MRSA constantly contnbuted 24% kl 27~-o of all S. 

a11reus clinical isolates from most hospitals during the study pcnod. except from certain university hospitals where the 

percentage ranging between 30% and 60%. Thus, from now on searching for more other type of antibiotics to conquer 

MRSA would be an urgent task. 

Actinomycetes are well known having produced thousands of bioactive compounds. In the past two decades, 

however, there has been a decline in the discovery of new lead compounds from common soil-derived actinomycetes. 

Recently scientists started searching various extreme ecosystems such as deep sea, forest, mountains and deserts for the 

discovery of novel actinomycetes and novel antibiotic compounds (Jensen, et al., 2005; Valan, et al., 2008; 
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Radhakrislman, et al., 2007). The purpose in this present study was to find new antibwllcs or bioactive compounds from 

actinomycetes isolated from Thai C{.,astal soil. 

Naorungrote, et al. (2011) reported that out of different 64 isolates of ActinomJce/es isolated from soil 

•.,1mpl,v; i11 N,,kh,·,n '.;i Th.,mm.u.,t, 19 exhthllc,1 .intt MllSA acttvlly m which 10 i:;olulc, c·uukl inhibit ull lc,le<l t,.-!RS,\. 

Some isolates exhibited the anti·MRSA activities on both agar plug and agar well diffusion method~ and from taxonomic 

studies all these isolates bekmg tu S!replunnces. Streplumvce, sp. CFJ2, Streptomvces antibiollcus strain 1022-257, 

Streptom\'Ces_flaveolus strain NRRL B-1334, Srrepromyces psammoticus stram NBRC 13971 and Streptomvces sp. b26 

(Naorungrote, 2011). Up to present. actinomycestes still be a prominent group and promising bacteria for scientists to 

search for novel antibiotics and other new effective bioactive compounds. 

Experimental and Methods 

I. Isolation and purification of Actinomycetes 

Streptomyces Al6-l was isolated from tropical coastal soil in Chonburi Province, Thailand, on Starch Casein 

Agar. The soil was pretreated at 55" C for 30 min before spreading on the agar medium, then incubated at 32 ° C for a 

week. The colony was purified on the same medium after appearing on the isolation plate, kept at room temperature, 25 ° 

C, for further studies and preserved in 20% glycerol at -40 "C. 

2. Preparation of MRSA test strains. 

All tested MRSA were isolated from patients' specimens: pus·, sputum·, urine- and haemo-culture, and 

classified by standard method as described in Holt et al. (l 986), Colle et al. (1996) and Hakim et al. (2007). Tested 

MRSA were streaked on Tryptic Soy Agar, incubated at 30°C for 24 hours and concentration ad3usted as 0.5 Mcfarland 

(I 0
8 
CFU/ml) in Tryptic Soy Broth before use. 

3. Preliminary anti-MRSA activity study. 

Anti-MRSA activity was investigated by l-TOSS streak method after Streptomyc<'s A 16- 1 was cultured on 

ISP2 (International Streptomyces Project 2) medium fix 4 days and extended the incubation time for another Jay before 

the result was read. 

4. Extraction and partwl purificatil,n of crude bi,,act1vc compounds. 

Srreplomyees Al6-l was cultured in ISP2 broth. 100 rpm reciprocal shaked. at 30° C for 10 days. 

Separated cells and medium by centrifugation bcfr•re crude cc)mpounds were extracted by methanol and ethyl acetate, 

respectively. The crude comJX>unds were preliminary separated by thin- layer chromatography on silica gel plate. Partial 

purification of the crude product was continued through silica gel colunm chromatography, eluded by chloroform, 

chloroform:methanol = 95:5, 90:10, 80:20 and 70:30, respectively. Fractions were collected, 50 ml each, and solvents 

were concentrated by evaJX>ration. 

5. Bioautography assay study. 

Antimicrobial activity to MRSA of the partially purified compound from TLC was tested by bioautography 

method. The concentrated crude, partial purification, products were spot on TLC (Silica Gel 60, 4x4.5 cm), separated 
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with chk)r,,tom1 and methanol and placed ,m agar medium plates pre-swabbed with MRSA P45. Letl the separated 

component spots well absL,rbed at 4° C for 4 h and mcubated tor another 24 h after the chromatograms were taken out, 

and the inhibition zones on agar plates were observed. 

6. Morphology and molecular studies. 

Streptomvces Al6-J was streaked L•n ISP2 medium plate, incubated at 32° C for 3-4 days and examined 

both under inverted light microscopy and scanmng electron miroscopy. Aerial, substrate mycelium and spore chain type, 

including ultrn structures of the strain were noticed. Molecular study was perfom1ed by analysis of 16S rRNA gene 

sequencing and the BLAST matching from GenBank sequences data base. 

Results and Discussion 

Preliminary test for anti-MRS A activity of Streptom1"Ces A 16-1 to 29 strains of MRSA: MRSA SP!, MRSA 

SP5, MRSA U7, MRSA P9, MRSA Hl6, MRSA SP21, MRSA SP22, MRSA SP27, MRSA SP31, MRSA SP37, MRSA 

SP39, MRSA SP41, MRSA SP45. MRSA SP47, MRSA SP58, MRSA SP61, MRSA S1'64, MRSA 1'65, MRSA H78, 

MRSA SP78, MRSA SP79, MRSA SP83, MRSA P86, MR.SA SP86, MRSA SP89, MRSA 1'90, MRSA SP117, MRSA 

SPl20, and MRSA SPl38 revealed clear inhibition zone mostly in range of 10-15 mm from the Streptomyces streak. 

Only MRSA SP86, MRSA S1'78 and SP 41 that inhibition zones were lesser from the range, 4 mm ,6 mm, and 7mm 

respectively. Partial purification of the crude product gave 21 fractions, but fraction 7-9, 10-12, 13-16, 17-19 and 20-21 

showed similar pattern of comrx)nents on chromatograms. Anti-MRSA 1'45 activity was revealed by bioautography 

assay. Six and 5 component spots from fraction 6 and fraction 7-9 showed anti-MRSA activity, 2 component spots from 

fraction 5 and fraction 10-12 as well. These data indicated that Streplomrces A 16-1 produced many bioact1ve 

compounds 111hib1ted to various sources of MRSA. Data frnm morphological and molecular studies revealed 

Streptomvces A 16-1 ha1nng 98.961 ¾ similarity to Streplomyces spinoverrucos11s 

Conclusions 

As Strepr,mn-ces A-16- l capably weil 111h1b11ed ail MRSA te,ted i,;,,late,, 1t 1s a promising strain to be 

developed for further ant1-MRSA antibiotic production l'r for further phannaceut,cal study. 
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